Summary. The endocrine cell content of the pancreas of two cases of Beckwith-Wiedemann syndrome with islet cell adenomatosis were studied. Insulin, glucagon, somatostatin and pancreatic polypeptide cells were evaluated qualitatively and quantitatively with the indirect immunofluorescence method and morphometry was used to establish the volume density of the four endocrine cell populations. This evaluation showed a marked increase of insulin and glucagon cells and a lesser augmentation of pancreatic polypeptide cells and somatostatin cells. However, the percent of somatostatin cells was decreased in comparison with controls. Qualitatively, the two pancreas were characterized by the lack of segregation of glucagon and pancreatic polypeptide cells to distinct parts of the gland, with each cell type being abundant in the pancreatic region in which they are normally very sparse. The marked increase of endocrine cells often took the form of giant islet-like structures formed by smaller subunits; however, despite this increase, the distribution of insulin cells respected the normal pattern, i.e. clusters of B cells surrounded by non-B cells. These findings indicate that besides the proliferation of pancreatic endocrine cells maintaining a normal topographical distribution of B versus non-B cells, the pancreas of patients with the Beckwith-Wiedemann syndrome may have undergone abnormal development with a consequent lack of segregation of glucagon and pancreatic polypeptide cells to different parts of the gland.
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Beckwith [1] and Wiedemann [2] independently described a congenital syndrome characterized by omphalocele, macroglossia, gigantism, hyperplastic visceromegaly, Leydig cell hyperplasia, and cytomegaly of the adrenal cortex. A number of other defects including persistent nephrogenic activity and/or medullary dysplasia of the kidneys and hypoglycaemia were further reported [3] . Subsequent studies showed that these abnormalities occur in various combinations, resulting in complete or incomplete forms of the syndrome [4] . The Beckwith-Wiedemann (BW) syndrome was also shown to be associated with a high incidence of benign and malignant tumours [4] .
Hyperinsulinaemic hypoglycaemia is a major clinical problem in most newborns affected by the BW syndrome. The islet cell abnormality responsible for the inappropriate insulin release in BW syndrome, usually referred to as islet cell hyperplasia, is not specific to this syndrome except that the degree of proliferation attained in this condition is particularly marked [5] and has permitted the identification of previously unrecognized cases of the syndrome. Nesidioblastosis was frequently used to describe persistent hyperinsulinaemic hypoglycaemia of newborns [5, 6] . However, nesidioblastosis-like histological images are also found in normoglycaemic newborns [7, 8] and this term will not be mentioned in the present context.
In the following report, we present a qualitative and quantitative immunohistochemical investigation on the pancreatic endocrine cell content of two cases of BW syndrome associated with massive islet cell proliferation (islet cell adenomatosis).
Subjects and methods
Casel was a full-term female newborn (weight at birth: 3100g) brought to the hospital at day t with respiratory distress. On admission, moderate macroglossia and muscle hypotonia were observed. A marked hypoglycaemia was present ( Fig. 1 ) which was not relieved by continuous intravenous glucose infusion (5% solution). Hypoglycaemia was partially corrected by administration of Diazoxide (3 x 8, 10, then 12 mg/day) from day 3 on, but unstable blood glucose levels persisted (Fig. 1) . Serum insulin was determined on day 14 during an oral glucose tolerance test (1 g/kg) performed 30 min after cessation of the intravenous glucose infusion. Insulinaemia was 42 ~U/ml at time 0 and reached a plateau of 130 p.U/ml from 30 to 60 rain. Death occurred at day 49 from intractable heart failure.
Post-mortem examination revealed pancreatomegaly and bilateral cysts (up to 1.5 cm in diameter) of the adrenals; the weight (in g) of various organs was as follows (the numbers in parentheses are mean organ weight for female infants aged 2 mo [9] ): pancreas 13.7 (7.1); adrenals 7.9 (4.7); kidneys 42 (36.0); spleen 18.2 (14.0); liver 154.2 (159.0); lungs 56.6 (74.0). Major histologic findings were diffuse islet cell adenomatosis of the pancreas and persistent nephrogenic activity (nephroblastomatosis) of the subcapsular renal tissue. These findings were consistent with an incomplete form of BW syndrome [4] .
Case 2 was a male stillborn following a 35-week pregnancy. Macroglossia, omphalocele, visceromegaly, renal dysplasia, cortical adrenal cytomegaly and Leydig cell hyperplasia, together with pancreatic cell adenomatosis, were indicative of a complete form of BW syndrome [4] . Because of the stillbirth, no laboratory values were available for this case.
The entire pancreas of Case I and a complete slice of the pancreas (comprising head, body and tail) of Case 2 were studied. Following paraffin embedding, the fixed samples were cut in 5-~tm thick serial sections which were processed by the indirect immunofluorescence method for identification of insulin, glucagon, somatostatin and PP cells as previously detailed [10, 11] . The quantitative evaluation of the four immunofluorescent cell populations was carried out as described [10, 11] and the results compared with those from a previously published pool of age-matched, control newborns [11] .
Results

Qualitative
The islets of Langerhans in the two pancreas studied appeared abnormally large and confluent, resulting often in the formation of "macroislets" formed by smaller subunits (Figs.2 and 3) . These large islets occupied most of the central region of the pancreatic lobules leaving only a narrow rim of acinar tissue; on occasion, the entire lobule consisted of endocrine tissue. Despite this massive increase in the number of endocrine cells (islet cell adenomatosis), the smaller subunits as well as the "macroislets" retained the typical distribution of normal islets, i. e. centrally-located insulin cells surrounded by glucagon, somatostatin and/or pancreatic polypeptide cells. Bipolar islets were also frequently encountered. As detailed previously by immunofluorescence [12] , such islets presented all insulin cells concentrated on one side, while glucagon, somatostatin and pancreatic polypeptide cells were on the other pole. Unlike the latter study, however, where bipolar islets have been found in the glucagon-rich lobules only, BW pancreases contained bipolar islets throughout the gland. Another important difference with respect to controls was the fact that the PP-rich lobules in both BW pancreases were present not only in the posterior part of the head, but were observable in various pancreatic regions. In the two cases studied, the extremity of the pancreatic tail was nearly entirely formed by pancreatic polypeptide-rich lobules. Furthermore, islets with numerous pancreatic polypeptide cells also contained abundant glucagon cells. 
Quantitative
The volume density (Vv) of the four endocrine cell types in the entire pancreas compared to a pool of 4 agematched controls is presented in Table 1 . Since glucagon cells were abundant in all lobules, irrespective of the high or low pancreatic polypeptide cell content of the latter, the usual delimitation of the pancreas into PPrich lobules and glucagon-rich lobules [11] could not be maintained for the BW pancreas. The delimitation of the pancreas into PP-rich and PP-poor lobules was made instead. In PP-rich lobules, the Vv of insulin cells was increased 18times for Casea and 11 times for Case 2 as compared to the pool [11] of age-matched controls. In PP-poor lobules the increase was 10 and 5 times respectively. Glucagon cells were increased 25 (Case 1) and 40 (Case 2) times in PP-rich lobules, while the increase was 4 and 8 times in PP-poor lobules. The Vv of somatostatin cells was only slightly increased in both cases and this was translated into a marked decrease of the percentage of this cell type when compared to that of controls. The volume density of pancreatic polypeptide cells was also not markedly increased; this overall limited increase of the Vv of pancreatic polypeptide cells resulted in a decrease of their percentage, as compared to controls, in PP-rich lobules, but in a marked augmentation of the percentage in PP-poor lob- The controls for BW 1 and BW 2 cases, respectively, were the pooled values (n = 4, means • SEM) from four age-matched infants [11] : 0-3 days for BW2; 1%-3 months for BW1. The SEM for gl values are omitted 2 The usual delimitation of the pancreas into PP-rich and glucagon-rich lobules [111 could not be maintained for the BW pancreas since glucagon cells were abundant in all lobules ules. The absolute volume (~tl) of each of the four endocrine cell types, which could be determined in Case 1 since the total pancreatic weight was available, showed a 25 times increase above controls for insulin cells, a 10 times increase of glucagon cells and a 20 times augmentation for pancreatic polypeptide cells; the latter increase was due to the fact that these cells were abundant, unlike in controls, throughout the pancreas and not in the PP-rich region only. Somatostatin cells were increased 6 times.
Discussion
The above-described qualitative and quantitative results have identified, in two cases of Beckwith-Wiedemann syndrome, a massive proliferation of pancreatic endocrine cell types in all pancreatic regions consistent with a generalized islet cell adenomatosis in the classification proposed by Jaffe et al. [7] . This proliferation presented two interesting features: on the one hand, it respected the normal topographical distribution of B cells versus non-B cells, the latter appearing always situated at the periphery of insulin cell clusters; on the other hand, the pancreas of both BW syndromes was characterized by the disorganization of the regional glucagon/pancreatic polypeptide cell distribution. In normal pancreas, lobules rich in pancreatic polypeptide cells and lobules rich in glucagon cells are segregated to different regions of the gland: PP-rich lobules are restricted in the posterior area of the head [13] , while glucagon-rich lobules are concentrated in the anterior part of the head and in the entire body and tail. This was in marked contrast with the BW pancreas, where PP-rich lobules appeared scattered throughout the gland and contained a sizable number of glucagon cells. The inhomogeneous distribution of glucagon and pancreatic polypeptide cells in ventral and dorsal pancreatic regions is considered to originate in the dual mode of formation of the pancreas during embryogenesis [13] [14] [15] ; the present observation suggests, therefore, a perturbation of the pancreatic development in BW syndrome. A recent investigation [8] compared the volume density of the four pancreatic endocrine cell types in the pancreas of hyperinsulinaemic hypoglycaemic infants with that of normoglycaemic controls. This study showed no statistically significant difference for insulin and glucagon cells between the two groups. The massive increase in insulin and glucagon cells characterizing our cases of BW syndrome, together with the defect in glucagon and PP-cells segregation to distinct pancreatic regions, suggests that this syndrome is a separate entity of neonatal hyperinsulinaemic hypoglycaemia and islet cell hyperplasia. A final note of caution is in order concerning the interpretation of our immunocytochemical data with respect to the possible physiopathology of the hypoglycaemia. Bright cellular fluorescence which is quantitated implies well granulated cells; the amount of degranulated cells cannot be ascertained by our immunofluorescent standards although such cells could nevertheless be actively secreting and contributing to the altered hormonal balance.
